Pacing is known to influence athletic performance. For the Ironman triathlon program, a positive pacing strategy, i.e., the continuous decrease of speed over time was recommended. By analyzing split times, we assessed the pacing strategies of the top 100 finishers of the cycling part of 13 Ironman races and of the running part of 11 Ironman races taking place in 2014. Furthermore, sex-associated differences in performance and pacing strategies were calculated. We analyzed 7,687 cycling and 11,894 running split times of 1,392 triathletes (1,263 men, 129 women). Changes in speed were assessed using mixedeffects regression analyses. A continuous decrease in speed was observed during cycling in 10/13 races, and during running in 11/11 races. In 6/13 races, women decreased their speed during cycling significantly more than men. The running part showed no significant difference of changes in speed between the sexes. In summary, in the Ironman races evaluated, a positive pacing strategy was adopted in most races. Women were slower than men in 6/13 cycling races, but there was no difference between men and women in the run splits. Women used the same pacing strategy as men.
Introduction
On February 18, 1978 , the first official Ironman race consisting of a 2.4-mile swimming part, a 112-mile cycling part, and a 26.2-mile running part took place in Waikiki, Hawaii, USA. a A total of 15 male athletes participated, and 12 of them finished the race. Since then, Ironman races have expanded globally, with races taking place in South and North America, Europe, Africa, Asia, and Australia.
b Each year, tens of thousands of triathletes prepare and train for Ironman races held worldwide.
c In 2014, a total of 36 Ironman races, including one world and five continental championships, took place. d The World Triathlon Corporation (WTC) organizes the Ironman races. The official description by WTC for an Ironman triathlon is 'long-distance triathlon '. e In an endurance race, several requirements are decisive for a successful outcome. A carefully structured training (13) , specific body composition, i.e. low body fat (24) , and previous experience (26) are examples of the most important factors. A multitude of studies suggest a number of intrinsic and extrinsic factors influencing the performance of triathletes during the race (54) , such as race distance (2) , damage of skeletal muscle fibers (11) , increasing body core temperature over time (19) , depletion of muscle glycogen (18) , and reduction in neuromuscular activity (35, 46) . Additionally, age (14) and sex (32) have a considerable effect on triathlon performance. There are, however, studies showing that anthropometric and training characteristics are not related to the race time. This was confirmed by Rüst et al. (41) who assessed the impact of training modalities on the performance of recreational female triathlon athletes. Another study conducted by Herbst et al. (22) supports this theory by revealing that the performance of male and female triathletes competing in a Deca Iron triathlon was not dependent on anthropometry but on the number of previously completed Triple Iron triathlons as well as the personal best time at a Triple Iron triathlon, which again stresses the importance of experience.
To successfully finish an Ironman triathlon it is also essential to adopt an adequate pacing strategy. Pacing is defined as time per distance, usually minutes per kilometer or mile (4) . A pacing strategyor a plan how to distribute an athlete's potential -is crucial for successful athletic practice (16) and has a considerable effect on performance in endurance sports (2, 17) , already shown by early de Koning studies (12) . There are six different pacing strategies postulated by Abbiss and Laursen (2), such as negative pacing (i.e. increase in speed over time), positive pacing (i.e. continuous slowing over time), all-out pacing (i.e. maximal speed possible), even pacing (i.e. same speed over time), parabolic-shaped pacing (i.e. positive and negative pacing in different segments of the race) and variable pacing (i.e. pacing with multiple fluctuations). Along with others (31), Abbiss and Laursen stated that athletes in endurance sports often adopt a positive pacing strategy. However, Abbiss and Laursen did not exclude the possibility that an even pacing strategy may be optimal to successfully complete an endurance event.
Several studies analyzed pacing strategies in triathlon races, mainly for Olympic distance triathlons (1.5 km swimming, 40 km cycling, and 10 km running) and for one discipline at a time, i.e. the focus was either on swimming, cycling, or running. Le Meur et al. investigated the performance during the running split of 107 finishers in an Olympic distance triathlon and stated that elite triathletes should reduce their initial running speed for better performances during competitions (31). Bernard et al. on the other hand remarked in their study with 10 elite triathletes during the cycling split in an Olympic distance triathlon that a progressive decrease in speed combined with an increase in speed variability prevailed during the race (8). Wu et al. investigated the pacing strategies of eight athletes in sprint, Olympic distance, and half-Ironman distance and concluded that pacing strategies during a triathlon race are strongly influenced by both the distance and discipline (55) . Lepers et al. reported that the performance density (i.e. the difference in time between the winner of a race and the athlete achieving the 10 th place) for male and female triathletes was improved steadily, implying that the time differences between the athletes decreased for both sexes (34) . A study analyzing performance trends in athletes older than 40 years participating in Ironman Hawaii in 1986-2010 detected that the difference in overall race time significantly decreased from the 40-year old to the 59-year-old athletes (37) . When examining the gender difference in overall race time, the authors of another study concluded that the difference between men and women in total performance time remained stable until the age of 55 years. After the age of 55 years, it increased, depending on the mode of locomotion (36) . Because it is known that pacing influences the athletic performance, studies to describe and compare different pacing strategies during races of variable distances are of high value to exercise physiologists. The aim of the present study was to analyze the pacing strategy employed during the cycling and running splits in Ironman triathlon races. To our knowledge, no study investigated the pacing strategies in the cycling and running part of an Ironman triathlon by analyzing split times within single disciplines.
The goal of our study was to determine pacing strategies of the 100 fastest finishers in Ironman races held in 2014 using all available split times during the cycling and running discipline. Furthermore we were also examined the performance and pacing strategies differences in between the sexes. Based upon previous results we hypothesized that women and men adopted an overall positive pacing strategy for the cycling and running part. Our second hypothesis was that significant speed difference remains between sexes for the first 100 finishers.
Materials and Methods

Ethics Approval
This study was approved by the Institutional Review Board of St. Gallen, Switzerland, with waiver of the requirement for informed consent given that the study involved the analysis of publicly available data. h We did not include the Challenge series (i.e. another triathlon organization hosting about 44 full and half distance triathlons worldwide each year) in the study.
The Ironman Triathlon
i Between the three disciplines, athletes change their equipment in a specific transition area, where the time is measured as well.
j However, the transition time is only marginally relevant for overall race time results (42) . Since 2002, most overall results (i.e. swimming, cycling, and running time combined) are available online on the official Ironman homepage (10) . To track the triathletes during the race, Ironman race directors started to measure split times in 2010. Split distances are parts of the distance of each discipline, i.e. running or cycling. Split time distances are of different length and number in each Ironman race. Table 1 provides an overview of the number of split times for the races included in this study.
Data Sampling with Criteria for Inclusion and Exclusion
To examine pacing strategies in elite Ironman athletes, we investigated all available split times for the first 100 (male or female) finishers of the 20 most recent Ironman races held in 2014. Split times were obtained from the official Ironman homepage. Swimming times were excluded for pacing analysis because they were available only for a few races. However, evidence suggests that variations of pacing during swimming are not apparent because athletes tend to adopt an even pacing strategy (55) . Four races (i.e. 'Ironman Louisville', 'Ironman Japan', 'Ironman Lake Tahoe', and 'Ironman Florida') had to be excluded because of incomplete datasets. 'Ironman Malaysia' had to be excluded because the data for men and women were not listed separately. Triathletes with missing split times were excluded from the analysis. For the Ironman Fortaleza event, split times were missing for as many as 37 triathletes. Therefore, we excluded the race from the statistical analysis. In some of the studied races, teams were allowed to participate. The results of participating teams were not included in the study because they are not comparable to the results of single triathletes.
After calculating the absolute speeds in a global graph (Figs. 1 and 2) we discovered improbable speed values (i.e. running speeds >20 km/h and cycling speeds >48 km/h) that may be due to measuring imprecision. This affected Ironman Arizona in the cycling part and Ironman Barcelona, Ironman Mallorca and Ironman Canada in the running part. The values of these disciplines were considered highly improbable and therefore were not included in the analysis. Thus, we included 13 Ironman cycling races and 11 Ironman running races and analyzed 1,687 cycling and 11,894 running split times of 1,392 triathletes (i.e. 1,263 men and 129 women; Table 1 ).
Statistical Analysis
Each set of data was tested for normal distribution (D'Agostino and Pearson omnibus normality test 
Results
Changes in Speed
For the cycling and running parts, a decrease in speed was observed in most of the races for both women and men ( Figs. 1 and 2) . The cycling speed decreased, increased and remained stable during 10, 1 and 2 races, respectively ( Table 2 ). During the running part, female and male triathletes decreased their speed in all of the 11 races (Table 3) .
Differences in Pacing between Women and Men
Compared to men, women were significantly slower in six of the 13 races in the cycling part ( Table  2 ). The greatest significant difference in cycling pacing between women and men was found in the Ironman World Championship of Kailua-Kona (Table  2 ). For six running races, women were slower than men, whereas women kept a faster average pace in the remaining five races. However, in the running part of all 11 races, pacing in women and men was not significantly different (Table 3) .
Discussion
The aim of our study was to determine pacing strategies used by elite Ironman participants during 2014 competitive season. We found that all participants generally decreased their speed in cycling and running, leading to a positive pacing strategy. Furthermore, we analyzed sex-associated differences between speed and pacing strategies. Women were significantly slower than men in about half of the races but used the same (positive) pacing strategy.
Positive Pacing Strategies Adopted by Elite Ironman Triathletes
Previous studies on pacing in endurance sports suggest that a positive pacing strategy, i.e. the continuous decrease in speed over time, is preferred for the Ironman distance triathlons (2, 32) . Elite female and male athletes who comprised the subjects of the present study adopted a positive pacing strategy for 10 out of 13 races during the cycling part and in all 11 races during the running part. The reasons for a positive pacing strategy in long-distance endurance events may be related to the decline in neuromuscular activity and continuous reduction in skeletal muscle glycogen content during competition (43, 53) . In addition, unrealistic goals resulting in a high starting velocity may be a reason for athletes to slow down with time (15) . For example, Tucker et al. (51) analyzed pacing strategies during men's world-record performances for 800 m, 5,000 m, and 10,000 m races. In 800 m, greater running speeds were achieved in the first lap, and the ability to increase running speed on the second lap was limited. In 5,000 m and 10,000 m, an end spurt occurred because of the maintenance of a reserve during the middle part of the race. The authors concluded that pacing strategy in running distances from 800 m to 1,000 m was regulated in a complex system that balances the demand for optimal performance with the requirement to defend homeostasis during exercise.
In other ultra-endurance sports, such as the 'Race Across America' (RAAM) for ultra-cyclists, positive pacing strategies were also key to successful performance (21). Bernard et al. stated that during the cycling part of an Olympic distance triathlon, speed is decreased (8) . Abbiss et al. described a nonlinear dynamic pacing strategy in their analysis of the cycling part of an Ironman triathlon (3). Thomas et al. investigated 15 male cyclists completing 20 km time trials and concluded that an uneven, parabolic pacing strategy resulted in better power outputs than an even pacing strategy (49) .
Differences in Speed and Pacing Strategies between Men and Women
In six of the 13 cycling splits, female athletes were slower than male competitors. The running part showed no significant differences between the two sexes. Female athletes mostly adopted the same positive pacing strategy as male competitors in cycling and running. The large number of non-significant results in the comparison between women and men may be due to the small number of female athletes included in the study since we only investigated the first 100 finishers at a time. The male-to-female ratio is shown in Table 1 . These findings need to be further clarified with future studies.
Since being allowed to participate in longdistance competitions such as Ironman triathlons, female athletes have steadily improved their performance and now approach the results of men (28) , leaving the remainder of time difference between the sexes to physiological factors (9) . The physiological differences between the sexes in endurance sports have been studies extensively. Elite female athletes tend to have lower VO 2 max values, lower hemoglobin levels, and higher body fat distribution than their male competitors (34, 36, 54) . In addition, glycogendegradation in skeletal muscle of female endurance athletes is slower (48) , and male athletes have a higher (34) . They pointed out that performance differences between male and female athletes are also dependent on discipline, with time differences in swimming being smaller between male and female athletes than those in cycling and running. Presumably, there are sex-associated differences in pacing strategies that may also depend on the professionalism of the athletes: Trubee et al. showed that in marathons, non-elite female athletes were better pacers than male athletes (50) . Moreover, March et al. found that older athletes, female athletes, and faster athletes are better pacers during marathons (38) . However, their study did not distinguish between elite and non-elite female athletes. Wu et al. reported that in races with different distances (i.e. Sprint, Olympic, and Half-Ironman distance), younger and older athletes applied different pacing strategies. This was also true for male and female triathletes (52) . This implicates that optimal pacing strategies depend on the age as well as the gender of the athletes.
Study Limitations
As stated in the methods section, swimming was excluded in this study because split time data were not given in the Ironman homepage. It may nevertheless have an impact on the pacing strategy chosen by a triathlete. Another limitation of this study is that the races cannot be reproduced because they took place in a real race situation with variable environmental conditions. Furthermore, the short period of time examined limits the validity of our findings. For a quantitative analysis, it would have been desirable to include all Ironman races that provided online split times. However, inclusion of such a large number of races would have exceeded the dimensions of this study.
The split times provided by the Ironman organization are not always accurate. Consequently, this is a major drawback of the methods used to determine pacing strategies during Ironman races. Unexpected high racing speeds, which may be the result of measuring imprecision, also led to the exclusion of one cycling race and three running races.
The small number of female triathletes included in this study led to non-significant results in the comparison of sex-associated differences in performance and pacing. Thus, differences in pacing strategies between male and female athletes may be investigated using larger numbers of female athletes. In addition, the ages of triathletes should be considered in further studies since this factor may explain, at least in part, the differences between pacing strategies. Nutrition and fluid intake during a race may have an influence on pacing strategies, but we did not take these aspects into account in this study.
Ironman organizations did not provide any information on the altitudes of split time measuring stations. Therefore, we were not able to assess the elevation profile for the races. For a more accurate study of the factors affecting pacing during a race, precise course terrestrial variations of the split time measuring stations should be provided by the official Ironman organization. This will allow including the altitude into the analysis of pacing strategies on a regular basis.
Practical Applications
In view of our current findings, we suggest that triathletes should begin the cycling and running parts of an Ironman competition with a high starting velocity and adopt a positive pacing strategy throughout the race. In comparison to early de Koning studies we did not use simulated events but analyzed real-time situations in retrospective. Therefore we cannot precisely answer the question about recommended pacing strategies to a given race. We suggest that coaches advise their athletes to adapt their pacing to the specific demands of a race. Although we were able to identify a trend of pacing we cannot draw a general conclusion because of the marked variation between the races assessed.
